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A Circularly Symmetric Antenna Design With High
Polarization Purity and Low Spillover
C. M. Holler, A. C. Taylor, M. E. Jones, O. G. King, S. J. C. Muchovej, M. A. Stevenson,
R. J. Wylde, C. J. Copley, R. J. Davis, T. J. Pearson and A. C. S. Readhead
Abstract—We describe the development of two circularly
symmetric antennas with high polarization purity and low spill-
over. Both were designed to be used in an all-sky polarization and
intensity survey at 5 GHz (the C-Band All-Sky Survey, C-BASS).
The survey requirements call for very low cross-polar signal levels
and far-out sidelobes. Two different existing antennas, with 6.1-
m and 7.6-m diameter primaries, were adapted by replacing
the feed and secondary optics, resulting in identical beam
performances of 0.73◦ FWHM, cross-polarization better than
−50 dB, and far-out sidelobes below −70 dB. The polarization
purity was realized by using a symmetric low-loss dielectric foam
support structure for the secondary mirror, avoiding the need for
secondary support struts. Ground spill-over was largely reduced
by using absorbing baffles around the primary and secondary
mirrors, and by the use of a low-sidelobe profiled corrugated
feedhorn. The 6.1-m antenna and receiver have been completed
and tested. Results show that the co-polar beam matches the
design simulations very closely in the main beam and down to
levels of −80 dB in the backlobes. With the absorbing baffles in
place the far-out (> 100◦) sidelobe response is reduced below
−90 dB. Cross-polar response could only be measured down to
a noise floor of −20 dB but is also consistent with the design
simulations. Temperature loading and groundspill due to the
secondary support were measured at less than 1K.
Index Terms—Reflector antennas, Antenna measurements, An-
tenna radiation patterns, Radio Astronomy.
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TOTAL-POWER radio-astronomical imaging, in which animage is formed by scanning a single antenna beam
over the sky, presents some of the most stringent possible
requirements on antenna design. Accurate measurements re-
quire extreme stability of the receiver system as well as mini-
mization of scan-synchronous pickup via sidelobes and cross-
polarization response. Such effects are difficult or impossible
to remove in post-processing, and drive the need to limit
the intrinsic sidelobe response and cross-polarization of the
antenna used for total-power imaging. Interferometers are less
sensitive to these effects and are typically used for high-
resolution radio imaging, but they are insensitive to scales
larger than the antenna beam. Large-scale (and in particular,
all-sky) images are only attainable by scanning single-dish
telescopes. In this paper, we describe the development of two
antennas for a sensitive, all-sky imaging experiment, which
are designed to have very low levels of sidelobes and cross-
polarization.
The C-Band All-Sky Survey (C-BASS) [1], is a project
to image the whole sky at 5 GHz in both intensity and
polarization, in order to meet a variety of scientific goals in the
study of the cosmic microwave background (CMB) radiation
and emission processes in the Galaxy. C-BASS will be the first
survey of diffuse Galactic emission at a frequency low enough
to be dominated by synchrotron radiation but high enough to
be largely uncorrupted by Faraday rotation effects. The maps
produced by the survey will enable accurate subtraction of
foreground contaminating signals from higher-frequency CMB
polarization sky surveys, including the WMAP [2] and Planck
[3] satellites, and will also be a major resource for studying
the interstellar medium and magnetic field of the Galaxy.
The C-BASS receiver is a combination of a broad-
band (4.5–5.5 GHz) correlation polarimeter and a pseudo-
correlation radiometer (also sometimes known as a continuous-
comparison radiometer). The polarimeter correlates right
(RCP) and left (LCP) circular polarizations to measure the
Stokes Q and U parameters, while the radiometer differences
RCP and LCP separately against temperature-stabilized loads
to allow accurate total power (Stokes I) measurements.
To obtain full-sky coverage, similar receivers are mounted
on two separate telescopes: one at the Owens Valley Radio
Astronomy Observatory in California, and the other at Klere-
fontein, near the MeerKAT Observatory, in South Africa. The
survey resolution is 0.73◦, with a design sensitivity of < 0.1
mK map rms in Stokes I , Q, and U . Since the contrast
between sky and ground temperatures is several hundred
Kelvins, limiting scan-synchronous sidelobe pickup to below
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the thermal noise level requires that the antennas provide at
least 60 dB of rejection in the horizon direction. In addition,
given that the polarization fraction of the sky signal may be
less than one percent, obtaining accurate polarization angles
requires the cross polarization level (after calibration) to be
better than −30 dB.
II. ANTENNA OVERVIEW AND OPTICS DESIGN
Due to the availability of suitable antennas at each site,
C-BASS uses different antenna designs for the northern and
southern surveys. The northern antenna, which was originally
designed as a prototype for the NASA Deep Space Network
[4], has a 6.1-m primary reflector and was donated to the
project by the Jet Propulsion Laboratory. The southern antenna
was designed by Mitsubishi for a low-earth-orbit telecommuni-
cations satellite ground station. It has a 7.6-m diameter primary
mirror, and was donated by Telkom SA Ltd. Both antennas
are circularly symmetric and have shaped profiles. The 6.1-m
antenna was originally optimized for maximum forward gain
using uniform aperture illumination of the primary mirror. The
original shaping criteria for the other antenna are unknown.
Photogrammetry was used to measure the primary surface
shape for both antennas. Since both antennas were originally
designed for satellite communication purposes at different
frequencies and were not suitable as imaging instruments, the
feed and secondary optics were redesigned for this project.
We used Galindo’s theory of shaped dual reflectors [5] for
the redesign of the secondary mirrors. This provides a set of
three differential equations which are solved for the desired
boundary conditions. As no closed-form solution is possible,
a simple program was written to solve these equations itera-
tively. The optical design requirements for this astronomical
survey were common main beam patterns (up to the first null)
from both antennas, low sidelobe and cross polar levels, low
blockage and scattering due to the secondary mirror, constant
phase in the aperture of the primary mirrors, and, if possible,
a common feed horn design for both antennas.
The design procedure started with a ray optics analysis
in order to obtain approximate secondary and feed aperture
sizes. The first criterion was to limit direct spillover from the
feed to the sky and the shadowing of the optics by the feed
horn itself, which is to be less than the blockage shadow due
to the secondary mirror. The different shapes of the primary
surfaces, taken together with these requirements, necessitated
different optical configurations – Gregorian (concave ellip-
soidal secondary) for the northern antenna and Cassegrain
(convex hyperboloidal secondary) for the southern antenna.
It was possible, however, to use a common feed horn design.
Fig. 1 shows a schematic ray diagram of each design. In both
cases our requirements together with the wavelength of the
survey caused the diameter of the secondary to be significantly
increased compared to the original optics – the new mirrors
each subtends a semi-angle of 46.5◦ from the feed phase
centre, at which angle the feed illumination taper is −40 dB
at the band centre of 5 GHz.
In the second step the design was optimized using Galindo’s
design equations. A manual iterative process was used to
produce very similar main beam patterns for the two telescopes
together with very low sidelobes across the full beam. The
cross polar level was relatively independent on the exact design
and was mainly set by the cross polar signal level of the
feed horn and the fact that our design has unbroken circular
symmetry.
Fig. 2 shows the simulated near-in co-polar and cross-
polar beams of the two antennas. The beams of the two
systems are well matched, allowing for the northern and
southern surveys to be combined together with no change of
resolution. The main beam efficiency (i.e., the fraction of the
total radiated power within the first null) is calculated to be
80%, while the power within 5◦ (which encompasses most
of the diffraction due to the secondary blockage) is 91%.
This compares favourably with antennas used for previous
total-power surveys, e.g. the Stockert 25-m antenna [6] which
has a main-beam efficiency of 55% and a ‘full-beam’ (within
7◦) efficiency of 69%. The high beam efficiency of the C-
BASS antennas is due to the lack of scattering structures
within the beam, and will result in a much simpler and more
accurate conversion from measured power data to true sky
temperatures.
III. ANTENNA DESIGN FEATURES
To minimize the cross-polar response and far-out sidelobes,
three features have been introduced in to the antenna design:
− A very low-sidelobe corrugated feed horn has been
designed.
− The secondary mirror is supported by a circular symmet-
ric dielectric foam structure instead of support struts.
− In the case of the 6.1-m antenna, absorbing baffles are
mounted around the primary mirrors and also around
the secondary mirror. In the case of the 7.6-m antenna,
a very high degree of under-illumination is used.
A. Feed horn
The feed horn used for both antennas is a custom design
manufactured by Thomas Keating Ltd., with highly suppressed
sidelobe levels and low cross-polarization. Drawing upon ideas
designed to minimize reflections in quasi-optical circuits [7],
the corrugated horn has a cosine-squared profile designed to
generate a significant amount of HE12 mode which is followed
by a phasing section which brings the HE12 mode into phase
with the dominant HE11 mode. The combination of these
modes provides an aperture field with low edge taper which
translates into a pattern with very low sidelobes.
Modal matching predictions of the low sidelobe horn for C-
BASS from CORRUG [8] as well as modelling and measuring
patterns for other similar horns at much higher frequencies [9]
show that this design of corrugated horn retains its very low
sidelobe and cross-polar performance over large bandwidths.
Our design is optimized for 5.0 GHz, at which the peak
sidelobe level is −40 dB relative to the boresight level and
the peak cross-polarization is −47 dB. At the band edges at
4.5 GHz and 5.5 GHz the sidelobe levels degrade to −32 dB
and cross-polarization to −33 dB, which is still acceptable
performance over a 20% bandwidth. The pattern of the feed
c© 2012 IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION 3
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Fig. 1. Schematic ray diagrams (not to scale) of (top) the northern 6.1-
m antenna and (bottom) the southern 7.6-m antenna. In the northern antenna
both direct spillover from the feed and diffraction spillover around the primary
mirror edge are blocked by absorbing baffles. In the southern antenna, primary
spillover is limited by the under-illumination of the larger antenna; direct
spillover past the secondary cannot be further limited due to the Cassegrain
geometry. Dotted lines in the foam cones indicate glue joints which are
traversed by free-space rays.
horn at 5.0 GHz, as predicted by CORRUG, is shown in Fig.
3.
The horn aperture radius is 113 mm, and it produces an
illumination at the edge of the secondary mirror of −40 dB.
The horn is manufactured in three corrugated segments, which
are bolted to the outside of the receiver cryostat, and two
smooth conical segments which are integral to the outer (room
temperature) and intermediate (40 K) shells of the cryostat.
The outer smooth section also incorporates a Mylar vacuum
window and a Zotefoam plug to block infrared loading. The
horn terminates in a specially designed four-probe orthomode
transducer [10] which generates left and right circular polar-
izations. In our facilities we could only measure the near-field
beam pattern at 3 m distance. This measurement is shown
alongside the equivalent near-field simulation in Fig. 4.
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Fig. 2. Simulation of the co- and cross-polar forward beams of the 6.1-m
antenna (black) and the 7.6-m antenna (grey).
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Fig. 3. Simulated feed horn pattern at 5 GHz; E-plane (grey), H-plane (black)
and cross-polar (dotted black).
B. Secondary mirror and support
In a circularly symmetric design, secondary support struts
block and scatter signals in a manner which is difficult to
control. The break in symmetry due to the struts results in
elevated levels of cross-polar signals. In addition, the scattered
signals increase the system noise via ground pickup in a
way which is dependent on the pointing direction of the
antenna. For sensitive polarization experiments it is essential
to minimize the effect of the secondary support. One option
is to use offset antennas with no blocking. However, this
can increase costs significantly, especially since in our case
two circularly symmetric antennas were readily available. An
alternative method is to support the mirror using a material
which is effectively transparent at the frequency of operation,
i.e., has both low loss and low refractive index. We chose
the material Plastazote from Zotefoams Ltd, which at low mi-
crowave frequencies is almost fully transparent and therefore
can be used to support the secondary mirror without blocking
or scattering the signal.
1) Secondary support material characteristics: Plastazote
is a closed-cell expanded polyethylene foam formed by the
vacuum expansion of heated polyethylene sheets that have
had nitrogen diffused into the solid phase under pressure. Two
different grades are available, using either low density (LD)
or high density (HD) polyethylene as the starting material.
HD polyethylene (HDPE) is only slightly denser (930 – 970
kg m−3 than LDPE (910 – 930 kg m−3) but is considerably
stiffer due to reduced branching of the polymer chains and
consequently higher intermolecular forces. Depending on the
amount of infused nitrogen, the foam density after expansion
can be between 15 and 115 kg m−3. The dielectric constant of
c© 2012 IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION 4
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Fig. 4. Feed horn near-field (3 m) pattern at 4.5 GHz; measurement (black),
simulation (dotted black).
Fig. 5. Receiver, feed horn, secondary support cone and secondary mirror
in a drawing (left) and during assembly (right).
solid LDPE and HDPE is about 2.3 and the loss tangent, tan δ,
is 3.1×10−4. We measured the dielectric constant and loss of
samples of the foam for various density and material grades
by filling a rectangular waveguide section with a foam sample
and measuring the change in phase and amplitude compared
to an empty waveguide, using a vector network analyzer. We
found that the results were consistent with a simple scaling of
the properties with solid fraction of the foam, i.e., the dielectric
constant was given by
εfoam − 1 = (ρfoam/ρsolid)(εsolid − 1)
and the loss tangent was given by
tan(δ)foam = (ρfoam/ρsolid)tan(δ)solid.
The foam can be glued to itself and to metals with standard
adhesives, and can also be heat welded to itself. Heat welding
is used to build up the basic manufactured sheets, which are
around 30 mm thick, into laminated blocks of thickness up to
300 mm (limited by the size of the heat welding equipment).
We used an impact adhesive (Evostick TX528) to join together
blocks to make larger structures. This adhesive was tested
for RF properties by inserting glued foam samples into a
waveguide, with the glue joint across the waveguide, and
testing on a vector network analyzer. No change in average
transmission compared to a single unglued piece of foam was
detected at the level <0.05 dB.
2) Secondary support design: A drawing of the receiver,
secondary support cone and secondary mirror for the 6.1-
m Gregorian system is shown in Fig. 5. Initially, the foam
cone was constructed out of 120-mm thick sheets of LD45
(LDPE base material with a density of 45 kg m−3), glued
together in layers perpendicular to the optic axis, and cut to
shape with a bandsaw. This grade of foam was used for the
secondary mirror supports in the Cosmic Background Imager 2
instrument [11]. The foam cone was glued (using impact
adhesive) to a hollow aluminium conical insert which mounts
to a flange on the outside of the feed horn. Adjustment screws
at this interface allow a small amount of motion in focus and
tip-tilt. The secondary mirror was glued to the top of the foam
cone.
After approximately 18 months in service it became appar-
ent that some of the foam-to-foam and foam-to-metal joints
were beginning to fail due to weathering and mechanical load.
We decided to re-make the cone using HD grade foams to
increase the stiffness of the structure, and to reduce the load on
the most vulnerable joints. The base section of the new cone,
which bears the largest mechanical forces and transmits them
to the telescope structure, was made from a single piece of
HD115, which was available in heat-laminated blocks 300 mm
thick. HD115 has a flexural modulus of 23 MPa, compared to
1.0 MPa for LD45. The remainder of the cone was made from
blocks of HD30, which has a flexural modulus of 3.6 MPa,
higher than that of LD45 despite its lower density. The base
section was glued to the aluminium insert using Araldite 2005
space-filling epoxy resin, which is stronger and more weather-
resistant than the impact adhesive. Epoxy was also used for
fixing a new carbon-fibre secondary mirror (see below) to the
top of the cone. The epoxy was measured to have significantly
higher RF loss than the impact adhesive; this is not important
for the base joint (which is outside the beam) or the mirror
joint (which is a reflective surface and therefore has zero
electric field close to the surface), but would be significant
for the foam-to-foam joints which the beam crosses in free
space. We therefore retained the low-loss impact adhesive for
these joints but protected the joint edges against weathering
by wrapping the exposed cone structure in a thin polyethylene
membrane. Due to the thicker foam sections being available
only three such joints were needed, compared to eight in the
previous design. Using lower density foam for the bulk of the
structure and a lighter mirror also significantly reduced the
stress on the joints.
3) Secondary mirror design: Secondary mirrors of different
shapes were required for the two antennas – a deep concave
ellipsoidal mirror for the 6.1-m antenna, and a shallow convex
hyperboloidal mirror for the 7.6-m antenna. To minimize the
weight that has to be supported by the foam structure, a
lightweight design was developed. Initially for the 6.1-m an-
tenna a light-weighted machined aluminium mirror was used.
c© 2012 IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION 5
The mirror was constructed from seven aluminium segments,
a central section and six identical petals, bolted together via
backing ribs. The back and sides of each mirror segment were
machined down to 3 mm thickness, and the whole mirror
had a mass of 12 kg. This mirror was used with the initial
foam support made from LD45. When this support was re-
made using HD foam we also decided to change to a carbon-
fibre mirror, in order to further reduce the mechanical load.
The mirror was made to exactly the same design as the first
mirror, using five layers of prepreg carbon fibre weave for each
segment, laid up on a machined aluminium mould, and cured
under pressure in an autoclave. Reflectivity measurements on
carbon fibre samples showed a reflection loss 1 per cent worse
than solid aluminium, which would have added about 3 K to
the total system temperature, a significant effect. We therefore
covered the front surface with 3M aluminium adhesive tape
to provide a metallic reflecting surface. The total mass of the
carbon fibre mirror was about 2 kg. The maximum deflection
of this new cone/mirror assembly under gravitational load
was less than 0.1 mm, which corresponds to a shift in beam
pointing of 10 arcsec. This is negligible compared to the beam
size of 0.73◦. For the 7.6-m antenna secondary we follow the
original manufacturing method of directly machining seven
mirror segments from aluminium. This is significantly cheaper
for a one-off production and, in combination with the HD
foam, results in negligible shift in the beam pointing due to
gravitational loading.
4) Performance: Possible contributions to the overall sys-
tem noise from the foam cone were estimated from mea-
surements using the C-BASS receiver. The total system noise
power out of the cryogenic receiver was measured with the
bare feedhorn pointing at the sky, with the secondary optics
in place, and with the feed terminated with a room-temperature
absorber. The noise power contributions of the receiver, sky
and optics were estimated from comparisons between the
power measured from the sky, a room-temperature absorber,
and absorber cooled to 77K with liquid nitrogen. The excess
power attributable to the secondary optics (including loss in the
foam and ground pick-up from spillover around the primary)
was no more than 1K. Limits on the scattering produced
by the foam are given by the agreement between measured
and calculated far-out sidelobes (see Section IV below). The
measurements were repeated for the new foam cone made
from HD foam, with identical results. If we had used a
conventional secondary support system, GRASP-9 simulations
of a representative 4-strut support show that the expected
blockage would be around 5% of the total power, resulting
in a spillover contribution of 5 – 7 K, which would be
highly position-dependant and would result in significant scan-
synchronous pickup during survey observations.
C. Absorbing baffles
Signal spillover past the primary and secondary mirrors
produces far-out sidelobes. This can increase the system
temperature when these sidelobes point at bright sources or the
ground. In addition, these sidelobes can be strongly polarized
and induce changes in the intensity and polarization signal
Fig. 6. The 6.1-m antenna at the Owens Valley Radio Astronomy Observatory
with the new secondary support structure and the absorber-lined baffle around
the rim of the primary and around the upper part of the foam secondary support
structure.
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Fig. 7. Simulated beam pattern of the 6.1-m antenna at 4.5 GHz, without
baffle (black), with secondary baffle only (grey) and with both baffles (dotted
black) attached.
as the pointing of the antenna varies. Far-out sidelobes due
to spillover past the edge of the primary mirror can be sig-
nificantly reduced by mounting an absorber-lined cylindrical
baffle around the rim of the primary mirror [12]. We have
taken this idea further and also fitted the secondary mirror (on
the 6.1-m antenna) with an absorbing baffle to block spillover
past the secondary mirror direct to the sky. The structure is
shown in Fig. 1 and Fig. 6. Due to the different ray geometry a
baffle around the secondary is only possible with a Gregorian
system and not with a Cassegrain system.
The absorbing material radiates at ambient temperature and
therefore increases the system temperature. However, this tem-
perature component is stable with pointing and unpolarized,
and therefore produces no changing signal as the antenna
scans the sky. Provided the fraction of the total illumination
intercepted by the absorbers is kept small, the benefit of
reducing scan-synchronous pickup outweighs the increase in
system noise.
We found that a reduction in spillover sidelobe level of
17 dB at 4.5 GHz could be achieved with an absorber of
height 0.8 m above the rim of the 6.1-m primary. This results
in a temperature load contribution of 0.7 K. The temperature
contribution from the secondary baffle is 0.2 K. For the
7.6-m antenna this would be considerably less, 0.1 K from
the primary baffle, due to the lower edge illumination of
the larger antenna. In practice the benefit of the absorbing
baffle for the 7.6-m antenna is marginal given the very strong
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TABLE I
ANTENNA CHARACTERISTICS AND SIMULATED PERFORMANCE
Performance at 5 GHz 6.1-m antenna 7.6-m antenna
FWHM 0.73◦ 0.73◦
Gain 47.6 dBi 47.7 dBi
First sidelobe level −19.1 dB −19.3 dB
Cross-polar level −51 dB −52 dB
Primary mirror radius 3.048 m 3.835 m
Primary illumination radius
(−40 dB) 2.96 m 3.25 m
Secondary mirror radius 0.51 m 0.50 m
Antenna type Gregorian Cassegrain
Primary baffle depth 0.80 m –
Secondary baffle depth 0.30 m –
Primary baffle temp. contribution 0.7 K –
Secondary baffle temp.
contribution 0.2 K –
Beam efficiency (power within
±5◦) 91.9% 91.3%
Main beam efficiency (power
within first null) 80.0% 80.0%
under-illumination of the primary, and we have elected not to
implement it.
The full beam patterns for the two antennas including the
effect of the absorbing baffles on the 6.1-m antenna were
simulated using GRASP9. To allow reasonable meshing of
the surfaces representing the absorbers in GRASP9 it was
necessary to slightly displace them from the mirror surfaces.
This is not expected to have any significant effect on the
calculated beams. The characteristics of both antennas are
summarized in Table I. Despite the different antenna sizes and
primary illumination radii, the main beams and first sidelobe
levels are identical for both antennas. The cross polar signal
levels are also very similar. The effect of the primary and
secondary baffles is shown in simulation in Fig. 7. Here the
results are shown at 4.5 GHz, since the effect is strongest at the
lower edge of the observing band. The sidelobes at 50◦ are due
to spillover past the secondary mirror and are suppressed by
the baffle around the secondary. The spillover past the primary
at about 110◦ is suppressed by the primary baffle.
The secondary baffle is implemented by wrapping foil-
backed absorber (Advanced ElectroMagnetics AEL-0.375)
around the cylindrical section of the foam secondary sup-
port structure. For the primary baffle, a structure of curved
aluminium sheets supported on struts connected to the outer
rim of the primary reflector was constructed, and the absorber
glued to the inner face of the sheets.
IV. ANTENNA PERFORMANCE
A. Main beam measurements
The 6.1-m antenna can only be pointed to a minimum
elevation of 13◦, and hence cannot be easily pointed to an
artificial source in the far field. We therefore measured the
main beam using an astronomical source and the radiometer
backend built for the C-BASS survey, which measures the
difference between the power received by the feed horn and
that from a stabilized cold load. The antenna was repeatedly
swept backwards and forwards in azimuth about the position
of the radio source Cassiopeia A (Cas A), which is one of the
brightest compact radio sources in the northern sky (670 Jy at
5 GHz [13]). Cas A is approximately 5 arcmin in diameter,
and thus much smaller than the beam (FWHM 44 arcmin). A
linear fit was removed from each scan to remove the effect of
changing airmass during the observation and also to remove
the diffuse Galactic emission near Cas A (around 1 per cent
of the peak source brightness). The data were then stacked
as a function of offset from the nominal source position. Fig.
8 shows the stacked data, overlaid with the simulated main
beam lobe and first sidelobes.
At the time of these observations, the actual position of the
secondary mirror was measured to be raised 5 mm higher
than nominal, so for direct comparison the simulation of
the main beam was recalculated with this offset included in
the geometry. The simulated beam was calculated at three
frequencies, 4.5, 5.0 and 5.5 GHz. We modeled the variation
of the flux density of Cas A with frequency as να, where
ν is the frequency and α is the spectral index, which for
Cas A is −0.767 [13]. The simulated beam was formed by
weighting each narrow-band simulation by the expected flux
density and then averaging over the three frequencies. Fig. 8
shows excellent agreement between the simulated beam and
the measurement of the main beam and first sidelobe.
We also used these measurements to place a limit on the
cross-polar levels of the main beam. In Fig 8 we show the
measured polarization (P = (Q2 + U2)1/2 ) response to the
(nominally unpolarized) source Cas A. We subtracted the best-
fitting scaled co-polar beam from the scanned P data, which
represents polarization leakage (I → P ) in the polarimeter,
plus any intrinsic polarization of the source. The appropriate
scaling was approximately 1% of the co-polar peak. Cross-
polarization in the optics is expected to have a quite different
beamshape, with a null at the centre and peaks near the first
null of the co-polar beam. No such beamshape is evident in
the plots at the level of ∼ −20 dB down from the peak. The
expected level of cross-polarization is < −50 dB relative to
the peak co-polar response (see Fig 2), much smaller than this
measured limit. With the southern 7.6-m telescope, which can
be pointed to the horizon and hence to an artificial source,
we expect to make a much more sensitive measurement of the
optical cross-polarization.
B. Far-out sidelobe measurements
For far-out sidelobe measurements, a ground-based 5 GHz
CW signal source was used at a distance of 4.5 km, in
the antenna’s far field. Due to pointing limitations of the
telescope mount we were only able to map the sidelobe pattern
between boresight angles of 13◦ – 82◦ and 95◦ – 163◦.
The signal source was switched on and off at 0.7 Hz to
allow discrimination between the test signal and ground pick-
up and background sources. Fig. 9 shows the beam pattern
measurement compared to the simulation results at 5 GHz,
without baffles. Since the exact distance and power level of
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Fig. 8. Simulated main beam (solid line), averaged over the system
bandwidth, and measured beam (dots) measured from azimuth scans on the
astronomical source Cas A. Stars show the polarized (P = (Q2 + U2)1/2)
response to this unpolarized source, after subtracting a leakage term due to
imperfections in the polarimeter. This is an upper limit on the degree of cross-
polarization in the optics – the expected level is < −50 dB.
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Fig. 9. Measured (black) and simulated (grey) beam pattern of the 6.1m
antenna without baffles between 13◦ and 163◦ at 5 GHz. There is no
measured data between 82◦ and 95◦ . Note that the vertical axis is in dBi
and the peak of the main beam is at +47.6 dBi.
the signal source was known, the absolute gain of the antenna
pattern in dBi could be calculated. Fig. 9 shows very good
agreement between measurement and simulation even at signal
levels of more than 60 dB below the antenna’s forward gain.
Two further measurements were conducted including the
absorbing baffle around the secondary, and around both the
secondary and primary, as discussed in section III. Fig. 10
compares the three measurements with and without the ab-
sorbing baffles. There is a clear reduction of sidelobe levels at
50◦ and 110◦. The backlobe response (at angles greater than
100◦) is reduced by 10–20 dB and the absolute level is reduced
to more than 90 dB below the main beam. Measurements were
made both with the original aluminium secondary mirror and
LD foam cone, and with the replacement carbon-fibre mirror
and HD foam cone, with identical results.
V. CONCLUSIONS
We have presented the development of two circularly-
symmetric radio antennas which have been modified to meet
the special needs of high polarization purity and low sig-
nal contamination for an all-sky survey at 5 GHz. These
needs have been met by three key design features. First, a
low sidelobe and low cross-polarization feed horn has been
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Fig. 10. Three far-out sidelobe measurements between 13◦ and 163◦ at 5
GHz without baffle (black), with secondary baffle only (grey) and with both
baffles (dotted black).
developed. Second, the secondary mirror is supported by a
transparent circular Zotefoam cone without metal struts, and
third, absorbing baffles have been fitted to minimize spillover.
We have shown simulated results and compared these to
measurements of one of the two antennas, the 6.1-m antenna
at the Owens Valley Radio Observatory. In particular, the
foam secondary support cone makes only a small contribution
to the system temperature and is a good option to conserve
polarization purity in a circular symmetric design without the
need for metal support struts. The use of absorber around the
rims of both the primary and secondary mirrors is shown to
decrease significantly the sidelobes due to spillover around
both mirrors.
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